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Table	S1:	Ultrafast	experimental	parameters		 ethylene	
glycol	 water	doped	with	copper	(II)	sulfate	 glycerol	 water	in	molecular	sieves	 DNP	Water	
CHIRP	pulse	length	[μs]	 477	 127	 2477	 196.8	 193.8	
CHIRP	pulse	power	[kHz]	 48.1	 48.1	 32.1	 24.1	 16.7	
CHIRP	pulse	spatial	bandwidth	
[μm]	 300	 300	 300	 300	 200	
dwell	time	per	point	[μs]	 4	 4	 4	 2	 6	
acquired	points	per	echo	 152	 78	 78	 72	 54	
acquisition	time	per	echo	[μs]	 612	 312	 312	 144	 324	
number	of	echoes	 512	 128	 128	 128	 64	
echo	time	[μs]	 700	 400	 700	 250	 400	
repetition	time	[ms]	 1500	 700	 700	 1000	 400	
number	of	scans	 4096	 1024	 4096	 8192	 1	
Δ	[ms]	 20	 5	 30	 6	 5	
δ	[ms]	 1	 0.3	 5	 0.4	 0.4		
Table	S2:	Traditional	experimental	parameters		 ethylene	
glycol	 water	doped	with	copper	(II)	sulfate	 glycerol	 water	in	molecular	sieves	
acquired	points	per	echo	 152	 78	 78	 72	
dwell	time	per	point	[μs]	 4	 4	 4	 2	
number	of	scans	 512	 256	 1024	 1024	
number	of	2D	points	 21	 25	 21	 25	
echo	time	[μs]	 700	 400	 700	 250	
number	of	echoes	 512	 128	 128	 128	
repetition	time	[ms]	 1500	 700	 700	 1000	
Δ	[ms]	 20	 5	 30	 6	
δ	[ms]	 1	 0.3	 5	 0.4	





type	 T2/msa	 D/10−9	m2	s−1	a	 SNR	 Nb	 SNR/(N1/2)	 UF	gainc	
ethylene	glycol		 285	 TRAD		UF	 55	±	16		36	±	6	 0.2	±	0.1		0.17	±	0.08	 58.15		40.54	 512		4096	 0.5608		0.6334	 	1.130	
water	doped	with	
copper	(II)	sulfate		 19	 TRAD		UF	 8	±	3		6	±	2	 2	±	1		1.8	±	0.4	 70.20		57.38	 256		1024	 0.8775		1.794	 	2.043	
glycerol		 31	 TRAD		UF	 12	±	8		8	±	1	 0.0026	±	0.0005		0.005	±	0.002	










water	 2500e	 UF	 7	±	2	 2.2	±	0.8	 139.1	 1	 139.1	 —	aThe	errors	in	T2	and	D	are	maximum	errors,	determined	from	the	width	of	the	peaks	on	a	logarithmic	scale,	which	is	the	scale	used	for	ILT.	bNumber	of	acquired	scans,	not	factoring	in	multiple	indirect	points	for	the	traditional	acquisitions	cCalculated	using	an	SNR/(N1/2)	basis	dT1	of	bulk	water,	not	necessarily	that	of	water	trapped	in	the	sieves	eT1	of	DI	water,	irrelevant	for	hyperpolarized	samples	
